One green algal specimen from China was identified as Gongrosira fluminensis Fritsch, due to its unique morphology that pseudoparenchymal basal stratum with rounded or polygonal cells grew into dense little-branched upright threads that reached approximately the same height with specific akinete formation and germination and formed strong cushions without calcification. Examination of the ultrastructural characteristics of plasmodesmata and pyrenoid confirmed that Gongrosira fluminensis Fritsch should be excluded from the order Chaetophorales. The phylogenetic evidence based on DNA sequence data from the nucleus (18S rDNA, ITS rDNA) and chloroplast (tufA) sequences clearly revealed that the Gongrosira fluminensis Fritsch should be classified in the Ulvales (Ulvophyceae) as the new combination species of the genus Lithotrichon Darienko et Pröschold, instead of the Chaetophorales (Chlorophyceae). More specimens in conjunction with natural morphological investigation and molecular analyses are required to reevaluate the microfilamentous genus Gongrosira Kützing and reveal hidden diversities among the Ulvophyceae.
Introduction
The genus Gongrosira Kützing was established based on the species Gongrosira sclerococcus Kützing, one of the four species initially described by Kützing, among which only Gongrosira sclerococcus Kützing was currently recognized as belonging to the genus (Kützing 1843) . This species had been described ten years earlier by Kützing (1833) under the name Stereococcus viridis Kützing. The question of priority was considered by Silva (1952) who decided to conserve Gongrosira Kützing against the earlier name and Gongrosira sclerococcus Kützing was the lectotype (Tupa 1974) . Gongrosira Kützing occurred as very small, cushion-like growths on stones in rivers and creeks, and that the plants were heavily incrusted with calcium carbonate crystals (Printz 1964) .
The concept of the genus Gongrosira Kützing has developed largely from characters contributed by species subsequently assigned to this genus which has been allied with various Chaetophoralean algae (Printz 1964; Bourrelly 1972; Tupa 1974 ) including the Trentepohliaceae (Fritsch 1935; Smith 1950) . Gongrosira fluminensis Kützing was initially described as a new species because of its pseudoparenchymal basal stratum with rounded or polygonal cells grew into dense little-branched upright threads that reached approximately the same height with specific akinete formation and germination and formed strong cushions without calcification (Fritsch 1929) . Printz (1964) reported twenty species in the genus Gongrosira Kützing including Ctenocladus Borzi, A. many of which are poorly known and doubtful. Pleurothamnion papuasica Borzi, A. was taxonomically realigned within the genus Gongrosira Kützing (Tupa 1974) . Characterized by the presence of a well-defined primary prostrate axis and secondary axes, Gongrosira pseudoprostrata Johnson, L.R. et John, D.M. as a new species was described (Johnson & John 1992) . To date, there are 36 species names in the database of which 25 have been flagged as accepted taxonomically on the basis of the listed literature under the species name (Guiry & Guiry 2018) .
The taxonomic position of Gongrosira Kützing
Each sample was preserved in 4% formalin for the morphological study. Microphotographs were taken with an Olympus BX53 light microscope (Olympus Corp., Tokyo, Japan) using the differential interference contrast method. The photographs were taken under an oil immersion objective lens. Natural samples were isolated using an Olympus SZX7 microscope (Olympus Corp., Tokyo, Japan) and rinsed with double-distilled H 2 O. The algae were grown in culture dishes on sterilized BBM medium (Bischoff & Bold 1963) .s -1 in a 14:10 h light:dark cycle at 20 °C. Cells undergoing exponential growth were collected for Genomic DNA extracted and transmission electron microscopy (TEM). The algal samples were fixed for 2 h at 5 °C in 2% glutaraldehyde and 0.05 M phosphate buffer. They were post-fixed for 2 h at 5 °C in 1% osmium tetroxide and 0.05 M phosphate buffer and then overnight at 5 °C in 1% uranyl acetate and methanol. After dehydration through an ethanol series, the samples were embedded in Spurr medium containing propylenoxide. Ultrathin sections, cut on a Leica UC7 (Leica, Wetzlar, Germany), were post-stained with uranyl acetate and bismuth oxynitrate and examined using an Hitachi HT-7700 TEM (Hitachi, Tokyo, Japan) at 80 kV.
Genomic DNA was extracted using an Axygen DNeasy plant Kit (Axygen Biotechnology, Hangzhou, China) according to the manufacturer's instructions after approximately 15 mg of filaments were added to 1 ml of 0.5 mm glass beads and 350 μL of phosphate buffer solution (PBS, pH 7.0). The algal cells were lysed by bead beating at 5000 × g for 2 min in a minibeadbeater (Model 3110BX, Biospec Products, Bartlesville, OK, USA). The PCR amplifications were performed according to Marin et al. (2003) , where the 18S rDNA was amplified using the EAF3 and BR primers. The sequence amplification profile consisted of an initial 5 min denaturing step at 95 °C, 34 cycles of denaturing at 94 °C for 45 s, 30 s annealing at 55 °C, 90 s extension at 72 °C, and a final extension of 10 min at 72 °C. The primer and amplification procedures of ITS sequence follwed those of Hayakawa et al. (2012) and tufA follwed those of Famà et al. (2002) . ContigExpress Project (Invitrogen, Grand Island, New York USA) was used to edit low-quality regions and assemble the partial sequences.
Sequences for phylogenetic analyses were downloaded from GenBank (http://www.ncbi.nlm.nih.gov/) based on a BLAST search. Sequences initially aligned using mafft7.2 (Katoh & Standley 2013) and manually edited and adjusted by using MEGA6 (Tamura et al. 2013) . The ITS1 and ITS2 sequences were manually aligned according to their secondary structure. 18S rDNA and ITS sequence positions that could not be aligned with confidence were removed prior to the analysis. ModelTest3.72 (Posada & Crandall 1998) was used to select the evolutionary best-fit model according to hierarchical likelihood ratio tests and Akaike information criterion. The best-fit model for tufA was GTR+I+G. Due to the different substitution varies according to different phycologists and the taxonomic history of Gongrosira Kützing has included artificial alignments with groups based on its vegetative morphology. The genus Gongrosira Kützing has been placed in the Trentepohliaceae on the basis of vegetative morphological features including the presence of a branched thallus typified by a distinct prostrate and erect portion (Smith 1950) and certain specializations like the incrustation with carbonate seen in some representatives (Fritsch 1935) . Watanabe et al. (1992) placed the Gongrosira papuasica (Borzi) Tupa, A. among the Chlorococcaceae. On the basis of branched growth forms, cytological features of the cell wall and pyrenoid, and the presence of ovoid zoospores with eyespots, Printz (1964) placed the genus Gongrosira Kützing among the Chaetophorales followed by most of phycologists (Hu & Wei 2006; Wehr et al. 2015; Guiry & Guiry 2018) . Molecular data clearly showed that the genus Ctenocladus Borzi, A. is a member of Ulvophyceae (Liu et al. 2016) . Recent studies have shown that there may be cryptic lineages in microfilamentous algae with similar morphology in Ulvophyceae such as Hazenia Bold, H.C. and Pseudendoclonium Wille (Škaloud et al. 2013) , and morphology may not be a good indicator of phylogenetic relatedness such as in Ulvella Crouan, P. & Crouan H. (O'Kelly et al. 2004; Nielsen et al. 2013 ). Many Gongrosira taxa have been described and different taxonomic status have been assigned, but none of them have been investigated using modern molecular techniques. Gongrosira fluminensis Fritsch, one common species of the genus Gongrosira Kützing (Cambra Sánchez et al. 1998; John 2002; Hu & Wei 2006; John et al. 2011; Maulood et al. 2013; Wehr et al. 2015; Täuscher 2016) had been collected and cultured successfully in our lab. Taking all these facts into account, the present study is to determine the phylogenetic relationship of Gongrosira fluminensis Fritsch based on morphological observation and phylogenetic analyses.
Materials and Methods
The voucher specimen described herein was deposited in the Freshwater Algae Culture Collection at the Institute of Hydrobiology (FACHB collection), Chinese Academy of Sciences, Wuhan, China. Detailed information were listed in Table 1 . (Huelsenbeck & Ronquist 2001) . Bootstrap analyses with 1000 replicates of the ML dataset were performed to estimate the statistical reliability. Bayesian analyses were performed with 4 × 10 6 generations of Markov chain Monte Carlo iterations and the trees were sampled every 1 × 10 3 generations. It was assumed that a stationary distribution was reached when the average standard deviation of the split frequencies between two runs was lower than 0.01. The first 25% of the calculated trees was discarded as burn in, and the remaining samples were used to construct a Bayesian consensus tree and to infer posterior probabilities.
The bootstrap values and posterior probabilities are presented at the nodes. The resulting phylogenetic trees were edited using Figtree 1.4.2 (http://tree.bio.ed. ac.uk/software/figtree/).
Results

Morphological observations
Gongrosira fluminensis Fritsch in Fritsch (1929)
Thallus of strain FACHB-2334 without calcification formed cushionlike masses on stones in the fast-flowing stream (Fig. 1) . Upright threads grew to approximately the same height (80-100 μm) and formed a very compact tuft (Fig. 2) ; Erect part scarcely branch at all in their lower portions, but towards the tips extensive branching occurs leading to the formation of numerous short branches (Fig. 3) . Cells cylindrical, subcylindrical or very slightly barrel-shaped, 5-7 μm wide, length 1-3 times longer than width. Chloroplast single and parietal, pyrenoid 1 -3, mostly 1 per cell (Fig. 4) . The end cells of the branchlets were always somewhat swollen, 4-6 μm in diameter (Fig. 4) . There is a great tendency for these enlarged cells to be akinetes detached from the threads (Fig. 5) . In the germination of these akinetes, colourless rhizoid-like prolongation is being formed (Fig 6, 7) . It possessed a compact creeping basal portion and cells of the basal stratum were in great part more or less rounded, often polygonal in outline, 3-5 μm in diameter (Fig. 8) . Adjacent cells were without the plasmodesmata (Fig. 9) . Pyrenoid was traversed by a thylakoid membrane (Fig. 10) .
Phylogenetic analyses
For analyses performed in this study, three alignments were generated: (1) the 18S rDNA alignment containing 105 taxa with 1761 bp of representatives of the Ulvophyceae, (2) the tufA alignment containing 84 taxa with 822 bp of representatives of the Ulvophyceae, and (3) concatenated dataset of 30 18S rDNA and ITS rDNA sequences (2500 bp) of the Ulvales. Sequence names retrieved from GenBank had been checked for their current taxonomic name according to Škaloud et al. (2018) Phylogenetic analyses of the 18S rDNA (Fig. 11) and tufA (Fig. 12) sequences were used to determine the unambiguous phylogenetic placement of the the Gongrosira fluminensis Fritsch (FACHB-2334) within the order Ulvales (Ulvophyceae) with a high support value (BP/PP, 100/1.00). Phylogenetic trees of 18S rDNA showed that the family Kornmanniaceae was clearly split into four lineages representing genera (Pseudendoclonium Wille, Halofilum Darienko et Pröschold, Paulbroadya Darienko et Pröschold, Lithotrichon Darienko et Pröschold) and the Gongrosira fluminensis Fritsch (FACHB-2334) and Dilabifilum sp. (SAG 2038) Thüs formed a robust clade as the most basal branch of the family Kornmanniaceae adjacent to the family Bolbocoleonaceae. In the phylogenetic tree of tufA, Gongrosira fluminensis Fritsch as a separate clade formed a discrete clade with the genus Bolbocoleon Pringsheim (Bolbocoleonaceae). To further resolve the placement of Gongrosira fluminensis Fritsch in the Ulvales, analyses were also conducted using a concatenated data set (18S rDNA+ITS rDNA) (Fig. 13) . Results obtained from the concatenated data set showed a similar scenario with that from 18S rDNA that the clade including Gongrosira fluminensis Fritsch (FACHB-2334) and Dilabifilum sp. (SAG 2038) Thüs having the closest relationship with each other (BP/ PP, 100/1.00) was the most basal branch of the family Kornmanniaceae.
Discussion
Gongrosira fluminensis Fritsch was distinguishable mainly for its unique morphological features of basal stratum, upright threads, akinetes and calcification (Fritsch 1929; Printz 1964; John 2002; Hu & Wei 2006; John et al. 2011; Maulood et al. 2013; Wehr et al. 2015) . Our specimen sampled from Guangxi Province, China, was almost the same as the original description and illustrations of Gongrosira fluminensis Fritsch (Fritsch 1929; Printz 1964) . Pseudoparenchymal basal stratum with rounded or polygonal cells grew into dense littlebranched upright threads that reached approximately the same height and formed strong cushions without calcification. The specific akinete formation and germination was another important feature for the identification. What slightly different were the smaller cells and cells of the basal stratum without obvious thick irregularly stratified colourless walls in our speciemen, which might attributed to its out of full development and phenotypic plasticity. This species was very close to G. incrustans (Reinsch) Schmidle and G. scourfieldii West, G.S., but the latter were either encrusted with obvious calcification or all parts richly branched clearly differed from G. fluminensis Fritsch. Examination of the ultrastructural characteristics refused the placement of Gongrosira fluminensis or Trebouxiophyceae are members of the Ulvophyceae (Darienko & Pröschold 2017) .
Here we provided the first molecular record of the genus Gongrosira Kützing. Molecular data including 18S rDNA and the chloroplast encoded tufA with strong support showed that Gongrosira fluminensis Fritsch is a member of the Ulvales (Ulvophyceae) instead of Chaetophorales (Chlorophyceae). Further study of concatenated data set of 18S rDNA and ITS rDNA revealed that Gongrosira fluminensis Fritsch was the new member of the genus Lithotrichon Darienko et Pröschold within family Kornmanniaceae. The limited DNA sequences of tufA and ITS rDNA might account for the differences between each analysis. Within the genus Lithotrichon Fritsch into Chaetophorales. Cells in Chaetophorales kept interconnected by plasmodesmata (Stewart et al. 1973; John 1984; Melkonian 1990) , while Gongrosira fluminensis Fritsch was without the plasmodesmata which confirmed that Gongrosira fluminensis Fritsch should be excluded from the Chaetophorales. Pyrenoid structures of Gongrosira fluminensis Fritsch was also different from that of Chaetophorales (Stewart et al. 1973) .
Traditionally, most freshwater and terrestrial green algae belonged to the classes Chlorophyceae and Trebouxiophyceae (Ettl & Gärtner 1995) . However, phylogenetic analyses of green algae using 18 rDNA sequences had shown that many filamentous and sarcinoid algae previously assigned to the Chlorophyceae Gongrosira fluminensis Fritsch is not the type species of the genus Gongrosira Kützing, which means that the real phylogenetic position of the genus Gongrosira Kützing is still unknown, but the obvious phylogenetic position of Gongrosira fluminensis Fritsch in the genus Lithotrichon Darienko et Pröschold (Ulvales, Ulvophyceae ) may contribute to solving the taxonomic problems of the genus Gongrosira Kützing.
In the future, more specimens in conjunction with natural morphological investigation and molecular analyses are required to reevaluate the microfilamentous genus Gongrosira and reveal hidden diversities among the Ulvophyceae which certainly will renovate our cognition of Ulvophyceae. Description: Thallus forming cushionlike masses on stones in the fast-flowing stream, possesses a compact creeping basal portion attached to the rock surface and producing from practically every cell an upright thread, the latter in their entirety growing to approximately the same height and forming a very compact tuft. Over considerable stretches the cells may be so closely fitted together as to form a compact pseudoparenchyma. Erect part scarcely branch at all in their lower portions, but towards the tips extensive branching occurs leading to the formation of numerous short branches. There is no calcification either of the creeping system or of the upright portion. 
